Abstract-Load flow calculation is one of the most basic problems in power engineering. The repetitive solution of a large set of linear equations in load flow problem is one of the most time consuming parts of power systems simulations. Load flows are calculated using the traditional method such as Gauss Seidel or Newton Raphson methods. Gauss Seidel algorithm is an iterative numerical procedure and in this method the number of iteration depends on the acceleration factor (α). Here we attempt to choose the acceleration factor (α) using fuzzy logic technique so as to minimize the number of iteration and get the result in minimum required time. Comparison of the method with traditional method has been shown in the paper which proves the validity of the result. The paper shows as to how the application of Fuzzy technique in choosing an appropriate acceleration factor reduces the number of iteration and helps in obtaing the solution at a faster rate with optimum number of iterationThe simulation in carried out in MATLAB environment.
I. INTRODUCTION
With the growing concern for maintaining stable voltage operation within the network, many critical issues on voltage stability related studies have been raised in the area of Power system research. Problems regarding steady state and transient analysis of power systems mainly require iterative solutions of large sets of equations representing system components [1] . The load flow calculation is one of the most basic problems in power engineering [2] [3] [4] [5] [6] [7] [8] . The repetitive solution of a large set of linear equations in the load flow problem is one of the most time consuming parts of power system simulations.
Parallel and vector processing [9] [10] [11] , have been adopted to solve this problem in recent years. Sparse vector and refactorisation methods [12] [13] [14] [15] have also been widely used in research on vectors of sparse linear equations. The main disadvantage of all these sophisticated methods is the large number of calculations which are needed on account of factorization, refactorisation and computations on the jacobian matrix.
A straight forward implementation of these methods becomes inefficient when large scale networks exist, resulting in additional memory requirement and computing This paper aims at the speed of optimization from the point of view of iteration. In this paper we have shown as to how the number of iteration is dependent on acceleration factor (α) and how a choice of correct acceleration factor (α) gives the optimum result in minimum iteration applying Gauss Seidel Method.
The Gauss Seidel algorithm is an iterative numerical procedure which attempts to find a solution to the system of linear equations by repeatedly solving the linear system until the iteration solution is within a predetermined acceptable bound of error. It is a robust and reliable load flow method that provides convergence to extremely complex power systems. The number of iteration for the solution to be within a predetermined acceptable bound of error depends upon the acceleration factor (α). By choosing the correct value of 'α' we can achieve the optimum solution in minimum number of iterations.
In this paper we have tried to choose optimum values of acceleration factor ( α ) so as to achieve the solution in minimum number of iterations using Fuzzy technique.
II. CONVENTIONAL METHOD
The Gauss−Seidel method is one of the simplest iterative methods known. It is in use since early days of digital computer methods of analysis. It has advantages like it is simple, computation cost is less. It is a robust and reliable load flow method that provides convergence to extremely complex power flow systems [22] .
In Gauss−Seidel method for an n bus system the bus voltages are calculated by the formula
Where the subscript i denotes the bus number and the superscript r denotes the iteration number, Y is the admittance matrix of the system. I is the bus current. The input data for five bus system has been shown in Table 1 and Table 2 . The result obtained after solving the five bus problems by conventional Gauss-Seidel method has been summarized in Table 3 to Table 5 . In Table 3 the bus voltages after the calculation has been tabulated. In Table 4 , the line flow between the buses has been tabulated. And in Table 5 the bus power has been tabulated. Similarly the input data for three bus system has been shown in Table 6 and Table 7 . The result obtained after solving the three bus problems by conventional Gauss-Seidel method has been summarized in Table 8 to Table 10 . In Table  8 the bus voltages after the calculation has been tabulated. In Table 9 , the line flow between the buses has been tabulated. And in Table 10 the bus power has been tabulated. 
III. PROPOSED METHODOLOGY
The method proposed in this paper deals with selection of acceleration factor with the help of fuzzy logic concept. Here instead of using an arbitrary acceleration factor for the iteration, we will be using variable acceleration factor. That is the value of the acceleration factor will change after every iteration. The new value of acceleration factor will depend upon the error value obtained in the previous iteration.
A membership functions for error value has been shown in Figure 3 and the membership function for acceleration factor is shown in Figure 4 . And the fuzzy rules are shown in Table  12 Table: 12 Fuzzy Rules 1. If (input1 is mf1) then (output1 is mf1) 2. If (input1 is mf1) then (output1 is mf5) 3. If (input1 is mf2) then (output1 is mf4) 4. If (input1 is mf2) then (output1 is mf5) 5. If (input1 is mf3) then (output1 is mf3) 6. If (input1 is mf3) then (output1 is mf4) 7. If (input1 is mf4) then (output1 is mf4) 8. If (input1 is mf4) then (output1 is mf3) 9. If (input1 is mf5) then (output1 is mf1) 10. If (input1 is mf5) then (output1 is mf4) 11. If (input1 is mf6) then (output1 is mf4) 12. If (input1 is mf6) then (output1 is mf2) 13. If (input1 is mf7) then (output1 is mf5) 14. If (input1 is mf7) then (output1 is mf2)
Using the fuzzy rules of Table 12 , after each iteration, depending on the error obtained a new value of acceleration factor α is calculated. This value of α is used for the next iteration. Note that in this method the range of α has been taken from 1.1 to 1.8. This proposed method when applied to the five bus and three bus systems of Figure 1 and Figure 2 , respectively, the number of iteration required was nearly the optimum. This has been summarized in the Table13. More over this new method did not affect the final answer at all. Note that in all the calculations the base MVA has been taken as 100MVA. The tolerance value ε has been taken as 0.001
IV. CASE STUDY
Effect of acceleration factor on number of iteration for the five and three bus system using conditional method discussed earlier is as shown in the Table 11 . For Table 11 we can conclude that if the selection of acceleration factor for Gauss-Seidel method is correct then it can bring convergence in very little iteration.
Using the proposed methodology that is varying the acceleration factor after every iteration using the fuzzy logic concept we get the result as summarized in Table 13 .
From the result of Table 11 and Table 13 we can conclude the method suggested gives optimum iteration and hence the method suggested can give the result of the load flow study in minimum number of iteration.
V. CONCLUSION
The result obtained in this paper proves that application fuzzy logic concept to change the acceleration factor after every iteration helps in minimizing the number of iteration. It also proves that by this method we can achieve the result in minimum possible iteration which saves the computation time and improves the efficiency of the method.
VI. DISCUSSION
In this paper we have assumed that the load bus reactive power is know but it is quite often that the reactive power status at the load bus is not specified. Under such circumstances the reactive power status is to be obtained first before proceeding with the calculation of the load bus voltage.
